E-readers : Advent Evolution in Education by Juhasz Miklos
1. Introduction of the e-reader
Since their initial marketplace introduction, e-readers based on e-ink 
technology have experienced a slow but persistent evolution in size and 
format options. However, for educational purposes it was generally large-
format stylus-enabled product versions that received the attention of 
students and educators alike. Therefore the devices focused on in this 
article are primarily those with screen diagonals measuring 9.7 inches or 
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greater. This also facilitates making some basic comparisons to LCD screen 
tablets (such as the Apple iPad) when utilized simply as reader devices.
These e-ink devices offer a viable alternative (with significant 
advantages) when compared to devices based on LCD technology - as will 
be discussed in this article.
E-reader technology devices (also referred to as e-ink, electronic-ink or 
e-paper devices) are categorically different from LCD based devices which 
may otherwise appear similar. Their clear potential to either supersede 
or simply compliment the LCD devices which are now ubiquitous in 
educational environments is a primary focus of exploration in this article.
2.  The advent of electrophoretic-ink (e-ink) as an alternative to LCD 
displays
Electronic ink (or electrophoretic-ink) was invented in 1997 at MIT 
by two undergraduate students who subsequently formed the E Ink 
Corporation.
E-ink technology allows pigments to be electro-chemically assembled 
and displayed on screen surfaces. E-ink utilizes microcapsules which 
contain both positively charged (white) and negatively charged (black) 
chips. It is through repositioning and alignment of these physical chips 
within the microcapsules that text characters and images are formed on 
e-ink screen displays.
E-ink technology offers great advantages over LCD screens in terms 
of contrast and sharpness. Because e-ink screens reflect light rather than 
emit it ( just like regular paper) they significantly reduce eye fatigue during 
extended use.
E-ink devices use bistable displays (Ink Technology, n.d.) meaning 
that battery drain only occurs during page turning or making some changes 
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within a page: simply displaying a page requires no energy, which results 
in slower battery depletion. LCD and e-ink display technologies result in 
very different device characteristics as summarized below:
E-reader devices as compared with LCD devices (PROS & CONS)
PROS CONS
-Superior battery life
-Reduces eye strain (no blue light emitted, 
screen not backlit)
-Readable in bright sunlight
-No glare, display is clear viewed from any 
angle
-Lighter and thinner at equivalent screen 
sizes
-Matte screen has natural paper-like feel
-Note taking experience (handwriting on 
the screen using a stylus) is more tactile 
(similar to writing on paper)
-Do not emit noise or heat
-Cannot display colour (most models)
-Cannot play video
-Can handle only limited number of file 
types (often pdf only)
-Generally slower response (reactiveness)
-Less RAM and slower processors
-Data storage can be restrictive
-Proprietary OS often l imited (and 
sometimes outdated)
-No quick (rapid) scrolling through pages
-Page manipulation such as zooming is 
less responsive
-Greyish background behind text is an 
issue for some
-Most models need ambient light (cannot 
be seen in the dark)
-Generally higher cost than LCD readers
Fully contrasting LCD and e-ink devices presents numerous 
complications, however. First, meaningful or side-by-side comparisons of 
the two technologies are not possible as direct model equivalents do not 
exist, and specialist e-ink devices are often created for specific tasks such 
as digital drawing, corporate record keeping or public display signage.
Another issue is that some of the stated benefits of e-ink screens may 
be based on the subjective experiences of their users. The most often cited 
benefit of e-readers is probably reduced eye-strain. However, a Swiss study 
published in The Journal Ophthalmic and Physiological Optics concluded 
with the following finding when comparing subjective fatigue and visual 
strain between reading on e-ink and LCD screens for extended periods 
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of time: “It is not the technology itself, but rather the image quality that 
seems crucial for reading” and that LCD screens “allow for good and 
comfortable reading, even for extended periods of time” (Siegenthaler, 
Bergamin, Bochud & Wurtz, 2012, p. 376). A similar study in The Journal 
of Eye Movement Research reported that tablet devices compared to 
e-ink readers at identical font sizes “may even provide better legibility” 
(Siegenthaler, Schmid, Wyss & Wurtz, 2012, p.1) while acknowledging 
the unfairness of comparing the significantly larger iPad to smaller Sony 
e-readers in their study (ibid, p. 6). In the following year, Benedetto et al. 
(2013) compared users’ visual fatigue between two Amazon readers: the 
LCD Kindle Fire and the e-ink Kindle Paperwhite, and found that the LCD 
screen caused more visual fatigue. At best, these results are inconclusive, 
and it may be possible that most e-reader fans simply prefer a reflective 
screen as it feels much more natural and similar to real paper than backlit 
LCD screens while it must also be noted that recent improvements in 
display technology such as blue light filtering and reduced flicker have 
made modern LCD screens more eyesight-friendly. The matte screen of 
e-ink devices may also feel more natural to write on using stylus pens, 
but matte LCD screen tablet models also exist, so this benefit is not truly 
unique to e-readers. A further factor making direct comparisons between 
LCD and e-ink devices problematic is that some generalized e-ink device 
drawbacks have exceptions: front-lit models, and high-end models with fast 
processors and more storage do exist, for instance.
Finally, certain specifications are difficult to contrast meaningfully. 
Battery life is probably the second most cited advantage of e-ink devices. 
Confusingly, however, many e-ink device manufacturers provide battery life 
data measured in weeks, such as Sony’s 3-week claim for DPT-S1 (Digital 
Paper Systems, n.d., n.p.), which is misleading as daily use varies widely 
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among users, and in real use battery life can be as short as two days – no 
longer the significant difference that may convince potential customers to 
opt for these devices. A simple summary of this comparison may be that 
LCD tablets can perform all the tasks e-book readers can just as well or 
even better while being capable of much more while e-ink devices may 
feel more pleasant and natural to read from or write on.
3. A brief history of e-readers
The history of e-ink devices is relatively short and during its first 
decade consisted only of smaller screen models. 1997 was the year the 
first ever dedicated handheld e-book reader called the Rocketbook was 
produced, although this device still had an LCD screen. It took seven more 
years until the first true e-ink e-reader, Sony’s LIBRIe was released in 2004 
followed by Amazon’s first Kindle in 2007. 2008 saw the first touchscreen 
e-reader: Sony’s PRS-700. The first color e-ink device was Fujitsu’s 8-inch 
FLEPia, launched in 2009. Color reproduction of devices from this early 
period of color e-ink was so poor, however, that these models never 
became popular and were soon discontinued. Another milestone was the 
development of the electromagnetic resonance stylus pen first appearing 
in Samsung’s 2010 E101 tablet which allowed users to handwrite directly 
on the screen. The invention of e-ink Carta technology in 2013 finally 
resulted in better overall performance (increased resolution and better page 
refreshing), and is still used in many of today’s e-readers.
4. Large size e-readers begin hitting the market
Initially announced in 2007, the first large e-book reader was the 12-
inch version of Fujitsu’s FLEPia. This model was never mass produced 
even for domestic sales, however. Amazon succeeded in creating the first 
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commercially successful 9.7-inch model - the Kindle DX -which went on 
sale in 2009 (a year before the identically sized iPad). Ectaco’s 2010 9.7-
inch JetBook Color was already touch-capable, and came with a stylus. 
E-ink Mobius was created in 2013, and this was the technology that finally 
allowed Sony to create the first truly large e-ink device: the 13.3.-inch 
Digital Paper (DPT-S1) in 2014, and it took two years for the competition 
to produce an identically sized model (the BOOX Max by Onyx in 2016). 
Currently, Sony offers an A4 (DPT-RP1) and an A5 (DPT-CP1) size version 
of their Digital Paper (somewhat deceptively as the 13.3 inch version is 
significantly smaller than A4 and both models have slightly different aspect 
ratios than their respective paper sizes). In 2019, Fujitsu rebranded these 
same two devices as Quaderno, and started selling them with modified 
software. A number of overseas manufacturers, such as Remarkable and 
Onyx have been releasing several models both in the A4 and the A5 size 
category. The future will probably bring e-ink screens with even higher 
resolutions up to 600 PPI (Kozlowski, 2019), and commercially viable color 
e-ink readers are already back on the horizon.
5. E-readers first launched into education
The early appeal of the educational application of mobile electronic 
readers was the simply their ability to replace textbooks and combine 
reading materials in one device that students could carry and use easily.
Even before the days of e-ink and the existence of larger readers, 
there was interest in implementation for secondary and higher education. 
A 2003 study conducted with UK university lecturers as its subjects tested 
five small LCD screen e-book readers for possible future adaptation for 
student use. Participants’ opinions were divided: some were impressed with 
the portability of the devices while others stated that they were “difficult 
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to use” (Wilson, 2003). The Kindle DX was probably the first e-ink reader 
marketed specifically as an educational device “garnering the support of 
several universities, newspapers and textbook publishers who've announced 
pilot programs around the device” (Oliver, 2009).
Participants of tertiary education-focused pilot projects included 
Princeton University, the University of Washington and the University of 
Virginia. In addition to enjoying the larger screen, students were able to 
highlight text and take notes (although both required physical buttons) 
and look up words in its built-in dictionary. However, most participating 
institutions and their students were unimpressed with the performance 
of the DX in an academic environment and survey results revealed that 
the large majority of the students considered it useful only as a personal 
reading device because of its severe hardware and software limitations 
(Cheng, 2010).
In 2012, Ectaco went a step further by offering their Jetbook Color 
preloaded with textbooks, language learning software, calculators and other 
features students may need when they deployed it in some American high 
schools. However, while the specifications looked promising, many user 
reviews of the machine were negative stressing its OS instability, slow 
response speed, poor color reproduction and stylus limitations. Professional 
reviewers were not kind to the device: LaptopMag awarded it with an 
unusually harsh one-star review citing “a plethora of problems that we're 
not sure this device can grow out of” (Atkisson, 2012). These examples 
demonstrate that these early e-ink educational devices had clearly been 
of interest to target users, but were simply years behind in technological 
development.
There are few published studies examining truly large size e-ink 
devices in higher education. One exception is a Taiwanese project 
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described by Hung and Young (2015) in an EFL academic writing course 
offered to graduate students using a mysterious 13.1 e-ink device (maker 
and model unspecified). This study aimed to contrast the device with 
conventional paper-based materials used by the control group for various 
purposes including peer-assessment and peer feedback. The devices were 
reported to be popular with the students, and the authors’ conclusion 
was that the e-readers were “helpful throughout the writing process from 
an individual student, peer group and teacher’s perspective […] to assist 
the EFL students in academic writing and function as a handheld library, 
an annotating tool, a medium for sharing annotations and comments 
and a storage for revised drafts” (ibid, p. 260). Closer inspection of this 
publication reveals that the project was co-sponsored by Delta Electronics 
(presumably the manufacturer of the device) making the overly positive 
results perhaps somewhat less convincing. It is not clear how many 
similar experimental programs were conducted in Japan between e-reader 
manufacturers and educational institutions since it is likely that such 
programs were not publicized (including the following example), and 
information about them was only available to the parties involved.
6. Sony Digital Paper trialed at Waseda University
In a 2016 university-based program, Sony’s Digital Paper (DPT-S1) 
devices were implemented in two classes in a listening and note-taking 
course at Waseda University on a trial basis. A review article describing 
this program and the DPT-S1 already appeared in the Language Teacher 
(Juhasz, 2017). The 13.3-inch device was used in an academic listening 
course both as a textbook replacement and a digital note-taking slate.
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The photograph above demonstrates just how light (358 grams) 
and thin these large devices are. When held in the hand, they feel like a 
clipboard, and Sony’s description of “as thin as 30 sheets of paper” (Digital 
Paper Systems, n.d., n.p.) is not exaggerated. In this program, the novelty 
value of the devices was initially very high, and many students found the 
note-taking experience smooth partly because erasing wrongly formatted or 
incorrectly noted information was easy using the stylus pen, and this did 
not leave a mark like erased pencil strokes do on regular notepaper. The 
limitations of the device became clear, however as the course progressed 
exemplifying the well documented phenomenon (Clark, 1983) that newly 
introduced educational devices or technologies are difficult to meaningfully 
evaluate until some time passes and their novelty effect fades. Students’ 
end-of-course survey responses mention slow response times, crashes, 
stress during note submission caused by unstable wireless connections, and 
Figure 2. Waseda students sharing notes via Digital Paper (Photo credit: Waseda 
University Academic Solutions Corporation)
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difficulties using the pen. One common complaint concerned the difficulty 
with constantly switching between the textbook and students’ handwritten 
notes within the device. One of the two instructors (the author) was 
pleased to find that the students spent more time looking at each other 
compared to the paper-based course - as handling only one light device 
seemed to increase mobility. However, it was also noted that while the 
note-taking experience was very efficient, the lag during page-turns (while 
significantly improved compared to earlier e-ink devices) was simply very 
difficult to get used to compared to the quick and continuous scrolling 
through pages possible in LCD devices. The other instructor found the 
experience overwhelmingly negative. In addition to issues similar to those 
above, he complained that the number of steps to achieve otherwise simple 
tasks was unnecessarily large, multiple page displays were awkward in the 
device, erasing with the stylus often resulted in unintentionally deleting 
adjacent characters, and that the greyness of the screen “induced a gray 
mood”. Nevertheless, this instructor conceded that the device would be 
very useful at annotating readings. Although the reasons for the decision 
were not communicated to its participants, the pilot program did not 
continue, and this note-taking course returned to the original pen and 
paper style in the following semester.
Although firm conclusions are not possible based on this single 
domestic pilot program, the similarities with previous failures to implement 
the Kindle DX and the Jetbook Color for classroom use overseas are striking. 
Despite the many technological improvements since those earlier stage 
devices obvious challenges remain. A significant problem appears to be 
that most users will continue to insist upon identical capabilities with the 
LCD tablet devices which they currently utilize. The inherent technological 
limits of e-link may factor negatively here.
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7.  E-reader devices versus competitor technologies in the growing 
device menagerie - and the new telelearning paradigm
Although one early appeal of tablet devices in general was their 
portability allowing them to compete with personal computers, now e-book 
readers need to contend with even more portable devices. The 2020 
Spring semester with its emergency remote teaching highlighted Japanese 
university students’ lack of IT skills overall. It was also a common finding 
by university educators in Japan that many students solely used their 
smartphones for all their digital reading and internet based activities, and 
would thus be disinclined to purchase and learn to use any additional 
device unless external circumstances forced them to do so. This means 
that in many cases e-book readers first need to be able to compete with 
smartphones: an unfair contest as students already own their phones. 
Historically, however the main competitor of e-book readers is the iPad.
Immediately after its 2010 release, inevitable comparisons were 
made about the use the iPad in educational contexts in contrast with 
e-readers, and these comparisons (e.g. Preskett, 2010) usually favored the 
former. Its potential in tertiary education was soon explored, and a 2011 
Australian study reporting on its use at Macquarie University concluded 
that the iPad enhanced student engagement, and praised it for its video 
capabilities (Manuguerra & Petrocz, 2011). In the same year, the Dutch 
Open University conducted a pilot study where law students received iPads 
with all their textbooks and other readings digitalized and preinstalled. 
The iPads were well received although many students found it difficult 
to switch between books within the device (similar to the findings of 
the Waseda experiment), and ended up using their devices together with 
printed versions of the materials (Kalz, Specht & Van Oosterzee, 2012). 
Another study (Connell, Bayliss & Farmer, 2012) directly compared the 
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iPad and the Kindle 3 e-reader as used by university students for reading 
academically, and reported that participants found iPads “more useable” 
than the Kindles. This finding is somewhat unsurprising given that the 
screen of the 9.7-inch iPad is over twice as large as that of the Kindle 
3 (using the already available Kindle DX in the experiment would have 
resulted in a more meaningful comparison). An early adopter in Japan, 
the Kanda Institute of Foreign Languages (KIFL) conducted their own 
study (Brown, Castellano, Hughes & Worth, 2012) on the integration of 
iPads into their English language curriculum with favorable results. A more 
recent study (Albadry, 2015) also conducted in an EFL course at a Saudi 
University found that students’ engagement, motivation and collaborative 
learning skills as applied to language learning were facilitated by the use of 
iPad tablets stressing that some of the effects went beyond the classroom, 
and students found the iPad-assisted language course “fun, novel, and 
challenging” (ibid, p. 6). These studies highlight how the dominance of the 
iPad in academic settings was easily established within a very short time 
and although many of these findings may have been similarly applicable to 
similar LCD devices from different manufacturers, Apple’s dominance and 
successful marketing in the education sector probably made the iPad the 
obvious choice for most of these studies (which were sometimes biased 
against e-readers even when they were included in the experiments).
Apple itself was also quick to notice the educational market 
opportunities for the iPad, and started offering education pricing to attract 
student customers (this discounted pricing is currently available in Japan, 
and educators are also eligible). In 2015, Apple also smartly brought back 
the stylus pen (famously scorned by Steve Jobs) in the form of the Apple 
Pencil. The note-taking capabilities of iPads were now on par with the 
best e-ink devices. Unsurprisingly, many individual students at all levels 
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of education have been purchasing iPads and they are also institutionally 
implemented in many schools worldwide. In Japan, several private tertiary 
institutions, such as the previously mentioned KIFL provide iPads to all 
their students and teachers, while the author has no knowledge of similarly 
integrated e-book readers at the institutional level.
Naturally, e-ink devices also need to compete with a plethora of 
capable Android and Windows tablet devices which are continually 
evolving and are often heavily advertised in contrast with the somewhat 
slower development of e-ink devices produced by fewer companies, many 
with lower budgets for product development and advertising.
8. The terrain ahead for e-ink readers in higher education
Today, manufacturers of e-ink readers attempting to attract student 
customers are not in an enviable position. The previous semester probably 
further increased the gap between the marketability potential of e-ink 
tablets as opposed to LCD devices as it was unlikely that in an emergency 
purchase situation a device with such functionality limitations would 
have been selected over a multifunctional tablet alternative. The current 
generation of students is also accustomed to the blazing fast performance 
of modern smartphones, and is unlikely to even consider devices where 
even simple text operations such as pinch zoom or quick page scrolling 
cannot be smoothly performed, and documents with common extensions, 
such as .docx may not even be possible to open without first converting 
them. Price is also an important consideration for students. The roughly 
identically sized A5 versions of the iPad versus Sony’s Digital Paper could 
be compared as representative examples: at the time of writing, the Digital 
Paper (DPT-CP1) is listed for 45100 yen whereas the iPad costs 34800 
yen (+14500 yen for the Apple Pencil), which means that a modern and 
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versatile tablet computer can be purchased for only a slightly higher price 
than an e-reader even with the stylus included, and for significantly less 
without one.
An additional factor that has probably further hampered the successful 
spread of e-ink devices in education is that their intended target market 
and the future plans of e-ink tablet manufacturers is often unclear. 
Domestically, Sony has been the only player in this market, and without 
any competitors, smarter and more targeted initial marketing could have 
achieved better results. However, the Digital Paper was originally designed 
for corporate use, and was initially not even available to purchase by 
individuals. When Sony was unable to succeed in this market, it started 
to advertise the Digital Paper to students (for example, units have been 
displayed at Waseda’s Coop stores where students are able to try the 
devices freely, and purchase them with a slight discount), but kept the 
software unchanged, and this resulted in limitations in usability for 
educational purposes as the Waseda pilot project exemplified. The device 
was initially also very expensive at just below 100000 yen. Sony’s future 
plans for its large e-readers have also been unclear for a while, and the two 
Digital Paper models recently quietly disappeared from Sony’s webpage, 
and are currently only available through third-party vendors making it 
appear likely that Sony is giving up on the Digital Paper completely. 
This would also explain Fujitsu’s surprising rebranding of the exact 
same models. Industry insiders speculate that the product line is already 
abandoned by the company (Kozlowski, 2020), and the Digital Paper is 
discontinued in the US market. Fujitsu is currently selling the devices for a 
somewhat lower price, and it remains to be seen whether they will be able 
to attract student customers more successfully under the current economic 




In sum, the educational implementation of e-ink devices has not yet 
taken place institutionally. On an individual level, most ordinary students, 
especially undergraduates will probably not purchase e-ink readers as 
primary devices. This situation is unlikely to change in the near future 
even under more favorable economic conditions. A more realistic target 
customer for large format e-ink readers would be a graduate or doctoral 
student who needs to read and annotate a large number of pdf articles on 
a regular basis, and perhaps needs to able to remain mobile and without 
regular access to electricity while doing so.
A light and thin e-ink device with handwriting integration also 
has many potential uses for university educators for both casual and 
professional reading, record keeping and viewing assignments. In spite 
its 13.3-inch size, one-hand use of the Digital Paper is almost effortless, 
so it is ideal for mobile use such as grading students’ assignments during 
long commutes or even outdoors. It is for such purposes that the author 
recommends large format e-book readers hoping that developments in 
e-ink technology will make these devices more viable alternatives in the 
further future.
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